Several proteins were extracted from the purified cell walls of suspension-cultured sugar beet cells with 0.5% EDTA (pH 6.8) after prior extraction of the walls with 0.5% deoxycholate and then with 2 molar NaCI. Two abundant proteins (P-I and P-Il protein) were separately purified to'homogeneity by procedures that included fractionation with ammonium sulfate, column chromatography on DEAE-cellulose and butyl Toyopearl, and preparative polyacrylamide electrophoresis. P-I exists as a dimer of identical subunits, and P-l1 is composed of four different subunits. Analysis by sodium dodecyl sulfate-polyacrylamide gel electrophoresis showed that quite different polypeptides are present in the culture medium and in the NaCI and EDTA extracts of the wall.
The polysaccharides in the cell walls of higher plants have been studied extensively (4, 12) , but relatively little information is available about cell wall proteins and, in particular, about structural proteins. Most of the work on cell wall proteins has been concerned with the structural protein extensin ( 14, 15) , and with enzymes that are ionically bound to the cell wall polymers (6, 9) . Ionically bound enzymes can be extracted with high salt solution (e.g. 1 M NaCI). While studying the cell wall enzyme invertase we observed that a number of proteins can be extracted with 0.5% EDTA (7, 9) . Some of these proteins may be structural proteins which are bound to pectins.
In this report, we describe the purification of two abundant proteins which can be extracted with EDTA from the cell walls of suspension-cultured sugar beet cells.
MATERIALS AND METHODS

Cell Culture
A suspension culture of sugar beet cells, originally isolated from young leaves, was maintained in Murashige-Skoog (MS) ( 11) liquid medium without plant hormone, as described by Saunders ( 13) , and cells were subcultured every were homogenized in three volumes of 10 mm Na-phosphate buffer (pH 7.4) with a Polytron (Kinematica) for 3 min and the extract filtered through filter paper (Toyo Roshi Co., Ltd., No. 2). The insoluble fraction was washed thoroughly with distilled water, and then suspended in 0.05% (w/v) sodium deoxycholate for 2 h at room temperature. After filtration of the extract of cell walls through filter paper, the residue was washed thoroughly with distilled water until no protein was detected in the filtrate, as measured by the method described by Bradford (2) . Purified cell walls were suspended in 2 L of 2 M NaCl and incubated at 4°C for 16 h. After filtration of the suspension through filter paper, the cell walls were washed with 4 L of 2 M NaCl to remove residual saline-extractable proteins, and then they were washed thoroughly with deionized water until no protein was detectable in the washings. The purified cell walls were used for extraction of cell wall proteins with 0.5% (w/v) EDTA (pH 6.8) at 32°C for 96 h.
Electrophoresis
Nondenaturing PAGE Nondenaturing PAGE was carried out on 7.0% acrylamide (pH 8.9) gels, as described by Davis (3) . After electrophoresis, the band of protein was stained with Coomassie brilliant blue, and the band of carbohydrate with PAS' (16) .
SDS-PAGE
Samples for SDS-PAGE were prepared as follows. Ammonium sulfate was added to the fractions obtained by extraction with EDTA and with saline, and to the culture medium after removal of whole cells to a final concentration of 80% saturation. After centrifugation, each precipitate was dissolved into a small amount of 10 mm phosphate buffer (pH 7.4) and dialyzed against the same buffer. Three volumes of ethanol were added to the dialyzed solution. The precipitate was suspended directly in 500 L of standard gel buffer, and any undissolved materials that remained after boiling for 5 min were removed by centrifugation. An aliquot (80 uL) of the supernatant was used as a sample for SDS-PAGE. SDS-PAGE was carried out on 10 to 15% (w/v) polyacrylamide gradient gels with the buffer system of Laemmli (5) . Gels were stained with Coomassie brilliant blue R.
'Abbreviation: PAS, periodic acid-Schiff.
Dot Blot Lectin Enzyme Assay
Peroxidase-lectin staining was performed with the "peroxidase-lectin kit A" (Hohnen Oil Co., Yokohama, Japan). This kit contains concanavalin A, lentil lectin, phytohemagglutinin-E4, peanut lectin, and castor bean lectin (RCA 120). Each sample at various concentrations of sample was applied to a nitrocellulose membrane with an Immuno-Dot Apparatus (ATTO Co., Tokyo, Japan). After blotting, the membrane was washed for 10 min with washing buffer that consisted of 10 mM Tris-HCl (pH 7.4), 0.15 M NaCl, 0.05% Tween 20. This washing was repeated 5 times and then the membrane was incubated for 1 h in 10 mM Tris-HCL (pH 7.4) that contained 2 ,ug.mL-' peroxidase-lectin (concanavalin A and lentil lectin), 0.15 M NaCl, and 0.05% Tween 20. In the case ofphytohemagglutinin-E4, peanut lectin, RCA 120, and wheat germ agglutinin, 0.5 M NaCl was used instead of 0.15 M NaCl. Then the membrane was immersed in washing buffer with six changes of buffer over the course of 1 h. The washed membrane was incubated with 15 mm Na-phosphate buffer that contained 0.03% diaminobenzidine and 0.003% H202.
Enzyme Assays a-Galactosidase and f-glucosidase activities were assayed as follows. Each reaction mixture consisted of 0.5 mL of 5 mM p-nitrophenyl-a-D-galactoside or p-nitrophenyl-f-D-glucoside, 0.5 mL of 0.1 M citrate buffer (pH 4.4), and 0.5 mL of a solution of enzyme. The mixture was incubated at 37°C for 15 min and the reaction was terminated by addition of 1.5 mL of 0.5 M sodium carbonate. The amount of p-nitrophenol liberated was determined by measuring the absorbance of the reaction mixture at 410 nm. One unit of the enzymatic activity was defined as the amount of enzyme that catalyzed the production of 1 ,umol ofp-nitrophenol per min at 37°C.
Sugar Assay
Polyuronide was estimated by the modified carbazole-sulfuric acid method of Bitter and Muir (1). Protein was estimated by the method of Bradford (2) .
RESULTS AND DISCUSSION
Time Course of Extraction of Proteins from Cell Wall with EDTA Figure 1 shows that the increase in the amount of protein and the activities of two glycosidases which were extractable from cell walls with EDTA were nearly parallel to the increase in amounts of pectin substances that were extracted. There was a rapid increase in the amounts of all the components during the first 24 h and thereafter slow but steady increase in these amounts.
Purification of EDTA-Extractable Proteins
The cell walls (770 g wet weight), after successive treatments with sodium deoxycholate and with saline, were suspended in 1 L of 0.5% EDTA (0.005 M K-phosphate buffer, pH 6.8) and incubated at 32°C for 96 h. The suspension was overlaid with toluene to avoid microbial contamination. After filtration of the suspension through paper filter, the proteins in the filtrate were precipitated with 80% ammonium sulfate. After centrifugation, the precipitate was dissolved in a small volume of 5 mm Na-phosphate buffer (pH 7.4), dialyzed against the same buffer, and applied to a column of DEAE-cellulose (2.5 x 40 cm), preequilibrated with the same buffer. Figure 2 , a and b, shows the elution profiles of protein and the activities of two glycosidases after chromatography on DEAE-cellulose, and results of SDS-PAGE of proteins in every second tube from No. 11 to 43. Analysis by SDS-PAGE revealed the presence of three major proteins (of 38, 30 and 26 kD) and several minor proteins in the EDTA extracts. Fractions (Nos. 15 to 33) that contained large amounts of the major proteins were pooled and adjusted to 40% saturation with ammonium sulfate. The resultant solution was applied to a column (2.5 x 15 cm) ofbutyl-Toyopearl 650 M (TOYO SODA, Co., Ltd., Tokyo, Japan), preequilibrated with 10 mm phosphate buffer (pH 7.4) that contained ammonium sulfate (40% saturation). Proteins were eluted with a linear gradient of decreasing concentrations of ammonium sulfate (40 to 0% saturation in the same buffer). Proteins were separated into two peaks (P-I and P-II) by hydrophobic chromatography (Fig. 3) . Nondenaturing PAGE showed that the P-I fractions (Nos. 26-28) contained one abundant protein (P-I) (Fig. 4) and the P-IT fractions (Nos. 40-55) contained several proteins. P-II fractions were pooled and concentrated by hydrophobic chromatography as described above. The concentrated solution was then applied to a nondenaturating acrylamide slab gel (7%) and subjected to electrophoresis in the buffer system (pH 8.9) of Davis (3) . In this case, sucrose and a small amount of Tris-glycine buffer (pH 8.3) were added to the solution of sample prior to loading on the gel. Proteins were separated into several bands by this procedure. The protein band which exhibited the strongest staining (P-II protein) was cut out and r.6 10) , h 04o4 ,i22 \.fe<. -. was the protein recovered electrophoretically from the gel using an Extraphor Electrophoretic Concentrator (Mitsumi; Tokyo, Japan). P-IT protein was purified to homogeneity by this procedure (Fig. 4) . After nondenaturing PAGE of P-I and P-II proteins, each gel was stained with PAS reagent. Bands of neither protein were stained with PAS (data not shown). However, dot blot lectin enzyme assays showed that both P-I and P-II proteins were glycoproteins (Fig. 5 ). Both P-I and P-II proteins were most strongly stained by peroxidase-RCA 120, and P-I was also stained by peroxidase-wheat germ agglutinin and P-II by peroxidase-concanavalin A. 
Mr of the Two Major Proteins
Native P-I and P-Il proteins each eluted from a column of Sephadex G-200 as a single peak with apparent Mr of 74,000 and 140,000 D, respectively (Fig. 6 ).
SDS-PAGE of the Two Major Proteins
Analysis by SDS-PAGE showed that P-I protein dissociated into identical subunits of Mr 38,000 D, and P-Il protein was composed of four different subunits of Mr 38,000 (a), 34,000 ((3), 33,000 (y), and 12,000 (6) D (Fig. 7) . ter as soluble molecules those materials, such as polysaccharides and proteins, that are secreted by suspension-cultured cells. Thus, the three fractions of the cultures examined here may contain the structural components that are present in the environment of the cell wall. Further work is needed to determine how such proteins become localized in the cell wall.
The results presented here indicate that there is a variety of cell wall proteins which can be extracted from the cell wall with EDTA under the conditions used here (96 h; 32°C, 0.5% EDTA). These proteins were extracted together with pectic polysaccharides and they may be structural proteins in the pectic moiety of cell wall. The extracted proteins were probably in their native state, since the two glycosides which were extracted under these mild conditions retained their activities.
SDS-PAGE of Saline-and EDTA-Extractable Proteins, and Proteins in the Medium
Analysis by SDS-PAGE revealed quite different patterns of polypeptides in the NaCl and EDTA extracts, and in the culture medium (Fig. 8) . Predominating in the EDTA-extract were the 38-kD and 26-kD proteins, while the predominant proteins in the NaCl extract had higher Mr than those in the EDTA-extract. The predominant protein, with Mr of 83 kD, in the medium was glucoamylase, but only a low level of activity of this enzyme was found in the NaCl and EDTA extracts (8) . As described in the previous paper (8) , it is possible that the free space in the cell walls of callus and intact tissues, which consists of an amorphous mass of multilayered tissues, may be an environment similar to the medium in which suspension-cultured cells are growing, and may seques- 
